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Thalassemias are diseases of hemoglobin (Hb) synthesis, with subtypes named after the specific globin chain involved 1, 2 . β-thalassemia, with the defect affecting the β chain, is the clinically severe subtype with autosomal recessive inheritance. Patients with β-thalassemia can be either heterozygous (thalassemia minor) or homozygous (thalassemia major) for the defective globin chain. Some patients with β-chain mutations in homozygous state still have residual β-chain synthesis, resulting in an intermediate phenotype (thalassemia intermedia). While thalassemia major is manifested as severe transfusion-dependent anemia soon after birth and thalassemia intermedia usually presents with moderate anemia later in life, thalassemia minor is clinically silent. It may only cause mild microcytic anemia, which can be detected by laboratory tests. Initial laboratory suspicion for β-thalassemia minor depends on the presence of microcytosis (mean corpuscular volume [MCV] below 80 fl) on complete blood count (CBC) test [3] [4] [5] [6] . In general, if a reduced MCV is detected, subsequent investigation for thalassemia is ordered. The patient's body iron status is studied and the hemoglobin (Hb) A2 concentration is quantified. In the presence of a normal iron status and an elevated HbA2 level, β-thalassemia minor is identified. Some carriers, however, have borderline or normal HbA2 levels. Carriers with normal CBC values have also been reported. Such carriers may be the individuals with silent β-thalassemia mutations [7] [8] [9] . Offspring of a carrier and an individual with a classical mutation may develop thalassemia intermedia. One of the silent β-thalassemia mutations with inconclusive HbA2 level and normal red cell indices is the promoter nt-101 C > T mutation, described predominantly in Mediterranean populations 7 . Clinicians' awareness of this mutation is necessary for proper carrier screening. The related data in the Turkish population in this region are very limited. In this report, a Turkish family with this mutation is presented.
Case Reports
The family reported herein includes three members: a mother and her two children. In 2011, a four-year-old boy was assessed in our department for microcytosis. He was the first child of a non-consanguineous young couple.
Prenatal, natal and postnatal history was unremarkable, and the physical examination was normal. The combination of slightly reduced red cell indices with low-normal body iron status and increased HbA2 level was consistent with β-thalassemia minor. Thereafter, a family study was ordered. CBC test in the mother and father (both biological parents) showed normal red cell indices. Health policy guidelines in our institution dictate that in cases suggestive of thalassemia minor, CBC, body iron status and HbA2 measurement are performed simultaneously. In this family, body iron status and HbA2 level of the father were found to be normal. HbA2 level in the mother, however, was elevated (4.5%, normal level <3.5%) despite a normal MCV value (88.3 fl) and a low-normal iron level. No accompanying vitamin B12 or folic acid deficiency, which might mask microcytosis or lead to HbA2 elevation, was present. There was no evidence of hemolysis. Other possible etiologies (e.g., medications, hemorrhage, hypothyroidism, liver disease, and bone marrow dysplasias) were excluded by clinical examination and the appropriate investigations. Re-testing of HbA2 in another laboratory revealed a similar result. A clinical and hematologic diagnosis of β-thalassemia minor was established. The family was informed that each child was at a 50% probability for heterozygous disease. The second sibling, born two years later, was investigated as she entered her second year and was also found to be a β-thalassemia minor, with slightly reduced red cell indices and an elevated HbA2 level, despite low-normal iron parameters.
In order to define the genotype of this unusual β-thalassemia in this family, molecular studies were carried out after obtaining informed consent. DNA was isolated from peripheral blood using standard laboratory methods. Their β-globin genes were amplified by polymerase chain reaction (PCR) separately, amplicons were purified, and nucleotide sequencing was done. The mother and her two children were found to be heterozygous for promoter nt-101 C > T silent β+-thalassemia mutation. Multiplex gap-PCR tests designed to detect single α-globin gene deletion of rightward (-α 3.7 ) and leftward (-α 4.2 ) types and also deletion of two α-globin genes in cis of the (--MED ) and -(α) 20.5 types were carried out. None of the three family members had any of these α-globin gene deletions (Table I) . g.,Krüppel-like factor 1 (KLF1) gene mutation and β-promoter mutations (-101 C > T mutation and -101 C > G mutation)], which can only be detected by molecular analysis. Carriers of KLF1 mutations and also heterozygotes of β-promoter mutations present with borderline HbA2 and normal red cell indices 7, 9, 11 . An elevated HbA2 level in a heterozygote with normocytosis is most likely due to α-β compound heterozygosity 12 . Though rare, β-promoter mutations have also been demonstrated to cause elevated HbA2 level 13 . In the family presented here, positive family history and elevated HbA2 were present, and accompanying α-thalassemia was excluded.
Discussion
The results, when considered together, are consistent with a mutation in the β-globin gene promoter, and promoter nt-101 C > T mutation was confirmed by molecular analysis.
The silent β-thalassemia mutation, β + -101 C > T, first described 7 in 1989, is characterized by normal hematologic indices, normal or borderline HbA2 and hemoglobin F (HbF) level, and a slight imbalance in β-globin chain synthesis. Because of the inconclusive hematologic indices, it is difficult to detect the carriers of this mutation. They are usually identified at older ages as parents of thalassemia intermedia patients 13, 14 . The original families in which this mutation was first described and most of the previously reported patients carrying this mutation are of Mediterranean origin (in particular Italian and Greek populations).
Although it is the most common Mediterranean silent β mutation, a limited number of cases have been reported to date. The frequency and hematologic characteristics of this mutation in the Turkish population are very limited as well.
Despite its silent nature in heterozygous form, a study in a Greek population has revealed "nonsilent" heterozygotes of this mutation 13 . In that study, less than half of the pure heterozygotes for the promoter β-101 C > T mutation had completely normal (silent) hematology; the remainder had either elevated HbA2 values (range: 3.7-5.1%) and/or low red cell indices and/or raised HbF levels. Among non-silent heterozygotes studied, after exclusion of cases with coexisting α-thalassemia, 8 were adult females, and 6 of the 8 presented elevated HbA2 with normal CBC, as seen in our mother. Six of the non-silent heterozygotes were children, and only one of them presented with elevated HbA2 plus slight microcytosis, although his iron status was not mentioned, as also observed in our children. No family with discordant CBC values among its members, as observed in our family, was determined. Since our patients had the same molecular pathology, the mother had no condition masking microcytosis, and our three patients had similar body iron status, which might lower red cell indices, we could not explain the red cell discordance in this family. The levels of HbF were slightly raised in our patients, as reported in the original study. In the same study, compound heterozygotes of this mutation have been reported to have moderate anemia with microcytosis, hypochromia, and elevated HbA2 and HbF levels (Hb 9.6 g/dl, MCV 62.4 fl, MCH 19.4 pg, HbA2 6.0 %, and HbF 11.8 %, respectively).
In conclusion, despite normal MCV, the possibility of thalassemia minor should not be excluded. In the presence of a positive family history, subsequent thalassemia investigation should be performed and the HbA2 level determined. Even if the HbA2 level is not found to be elevated, molecular analysis should be studied to determine the causative mutation. Among these mutations, promoter β-101 C > T mutation, predominantly determined in Mediterranean populations, is of great importance. Clinical awareness of this mutation should facilitate carrier detection and genetic counseling, and contribute to the eradication of thalassemia.
